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ABSTRACT
Background
The risk of transmission of Mycobacterium tuberculosis from patients to health-care workers
(HCWs) is a neglected problem in many low- and middle-income countries (LMICs). Most
health-care facilities in these countries lack resources to prevent nosocomial transmission of
tuberculosis (TB).
Methods and Findings
We conducted a systematic review to summarize the evidence on the incidence and
prevalence of latent TB infection (LTBI) and disease among HCWs in LMICs, and to evaluate the
impact of various preventive strategies that have been attempted. To identify relevant studies,
we searched electronic databases and journals, and contacted experts in the field. We identified
42 articles, consisting of 51 studies, and extracted data on incidence, prevalence, and risk
factors for LTBI and disease among HCWs. The prevalence of LTBI among HCWs was, on
average, 54% (range 33% to 79%). Estimates of the annual risk of LTBI ranged from 0.5% to
14.3%, and the annual incidence of TB disease in HCWs ranged from 69 to 5,780 per 100,000.
The attributable risk for TB disease in HCWs, compared to the risk in the general population,
ranged from 25 to 5,361 per 100,000 per year. A higher risk of acquiring TB disease was
associated with certain work locations (inpatient TB facility, laboratory, internal medicine, and
emergency facilities) and occupational categories (radiology technicians, patient attendants,
nurses, ward attendants, paramedics, and clinical officers).
Conclusions
In summary, our review demonstrates that TB is a significant occupational problem among
HCWs in LMICs. Available evidence reinforces the need to design and implement simple,
effective, and affordable TB infection-control programs in health-care facilities in these
countries.
The Editors’ Summary of this article follows the references.
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The risk of transmission of Mycobacterium tuberculosis from
individuals with tuberculosis (TB) to other patients and to
health-care workers (HCWs) has been recognized for many
years [1,2]. This risk is greater when larger numbers of
infectious (smear-positive) TB patients are managed at a
health-care facility, and can be reduced with implementation
of effective infection-control measures [3,4]. In the United
States and other high-income countries, the risk of nosoco-
mial transmission of TB was high in the pre-chemotherapy
era, but declined with the reduction in incidence of TB
disease in the population [3]. This trend, however, changed
between 1985 and 1993, when several outbreaks of multidrug-
resistant tuberculosis (MDR-TB) were reported in nosocomial
and congregate settings in the United States [5,6]. This led to
recommendations for a comprehensive set of infection-
control practices to protect HCWs and reduce nosocomial
transmission [1,4]. In the years following the publication of
these recommendations, there was a dramatic decline in the
burden of TB among HCWs [1,4,7]. In a recent review of TB
among HCWs in high-income countries, the overall incidence
of TB disease in the general population and native-born
HCWs was less than 10 and 25 per 100,000 per year,
respectively [8].
The situation is very different in low- and middle-income
countries (LMICs), which account for more than 90% of the
global TB burden [9,10]. Because these countries have high
TB rates and limited resources [11,12], they focus largely on
case detection and treatment using the DOTS strategy [1,9].
In these countries, even low-cost strategies to reduce TB
transmission in health-care facilities are seldom implemented
[3,13].
We conducted a systematic review to summarize the
evidence on the incidence and prevalence of latent TB
infection (LTBI) and TB disease among HCWs in LMICs. We
speciﬁcally addressed the following questions: (1) What is the
prevalence of LTBI and what are the risk factors for LTBI in
HCWs? (2) What is the incidence of LTBI in HCWs and what
risk factors are associated with higher incidence rates? (3)
What is the incidence of TB disease in HCWs and how does it
compare with the incidence in the population? (4) Are certain
occupations, or some work locations within a health-care
facility, at higher risk of TB than others? (5) How effective are
various strategies in reducing the incidence of LTBI and/or
disease among HCWs in LMICs?
Methods
Search Strategy
We searched the following electronic databases for primary
studies: PubMed (http://www.ncbi.nlm.nih.gov/entrez/query.
fcgi?DB¼pubmed, 1950 to December 2005), BIOSIS (http://
scientiﬁc.thomson.com/products/bp, 1969 to December 2005),
Embase (http://www.embase.com, 1974 to November 2005),
and Web of Science (http://isiknowledge.com, 1945 to
December 2005). Our search strategy included terms such as
‘‘tuberculosis,’’ ‘‘health personnel,’’ ‘‘health-care worker,’’
‘‘nosocomial,’’ ‘‘infection control,’’ ‘‘disease transmission,’’
‘‘occupational exposure,’’ and ‘‘nosocomial tuberculosis.’’
(Details of the complete search strategy are provided in
Table S1.) We hand-searched the indices of the International
Journal of Tuberculosis and Lung Disease; Tuberculosis; and Tubercle
and Lung Disease for relevant articles not already captured by
the electronic searches. We identiﬁed additional studies by
contacting experts in the ﬁeld and by searching reference lists
of primary studies, review articles, and textbook chapters.
Study Selection
Our search strategy aimed to identify all the available
published studies in the English language that reported data
on the incidence and prevalence of LTBI and TB disease in
HCWs. Although non-English studies were excluded, we
extracted data from studies that had English abstracts, and
these limited data are included in Tables S1 and S2. This
included cross-sectional tuberculin surveys, cohort studies on
tuberculin-conversion rates, retrospective or prospective
studies on the incidence of TB disease, studies on risk factors
for acquiring LTBI or TB disease, and studies documenting
the effect of preventive strategies aimed at reducing
nosocomial transmission. We restricted the review to studies
conducted in countries classiﬁed by the World Bank as low or
middle income [14]. We excluded case reports or case series
of nosocomial transmission or outbreaks, as well as confer-
ence abstracts. Two reviewers (RJ and MP) independently
screened the citations (titles and abstracts) identiﬁed from all
sources. Subsequently, full-text articles of the studies selected
in the initial screen of titles and abstracts were reviewed to
identify the ﬁnal set of eligible studies.
Data Extraction
Two reviewers (RJ and MP) independently extracted data
from a subset of eligible studies. The inter-rater agreement
on TB outcomes (such as LTBI incidence and prevalence, and
TB disease incidence, etc.) was 100% in this pilot study.
Subsequently, data from the full set of included studies were
extracted by one reviewer (RJ). Data extracted included:
country, survey year, type of health-care facility, number of
TB patients managed in the facility, infection-control
practices (such as personal protection, administrative meas-
ures, engineering controls, etc.) in the facility at the time of
the study, prevalence and incidence of LTBI, prevalence and
incidence of TB disease, risk factors for LTBI or TB disease,
infection-control interventions (personal, administrative, and
engineering controls), and evaluations of their effectiveness,
delays in diagnosis at the facility, and demographic and other
relevant details about HCWs included in the studies. We used
the following deﬁnitions to standardize the data-extraction
process.
Health-care facility: All facilities where patients seek health
care, including hospitals, clinics, dispensaries, health centers,
and imaging and laboratory facilities. We did not include
prisons, nursing homes, correctional facilities, and other
congregate settings.
HCW: Any individual who works in a health-care setting
including, but not restricted to, physicians, nurses, allied
health personnel (nursing assistants, operation theater
technicians, etc.), health educators, social workers, midwives,
community health workers based in hospitals, laboratory
personnel, pharmacists, radiographers, volunteers, orderlies,
and health-facility administrators.
LTBI: A positive tuberculin skin test (TST) done by any
standard method using 1TU (tuberculin unit) or 2TU of
puriﬁed protein derivative of tuberculin (PPD) RT23 or 5TU
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Owing to the high prevalence of BCG vaccination and non-
tuberculous mycobacteria (NTM) in LMICs [16], a positive
result after the second TST in a two-step TST (i.e., boosting)
was excluded from the calculation of LTBI prevalence.
Tuberculin conversion: Deﬁned as a newly positive TST
after a documented negative-baseline TST (at any time after a
negative two-step baseline, or more than 1 y after a negative
single TST). An increase of 10 mm over the baseline was
deﬁned as conversion [4].
TB disease: Included all forms of pulmonary, as well as
extra-pulmonary, TB where a deﬁnitive (microbiologically
conﬁrmed), or presumptive (based on clinical, imaging, or
pathology criteria) diagnosis was made. The deﬁnition
included self-reported past treatment for TB disease.
Income category deﬁnitions: The countries were grouped
according to 2004 gross national income per capita criteria as
suggested by the World Bank, which classiﬁes LMICs as those
with per capita income value of less than US$10,066 [14].
Infection-control interventions were deﬁned as any per-
sonal protection (including, but not limited to, respirators),
administrative measures (including, but not limited to, early
diagnosis and isolation policy, reducing time for which TB
patients would be hospitalized, and reducing waiting times
for infectious patients in outpatient and radiology facilities),
and environmental controls (including, but not limited to,
negative-pressure isolation rooms, HEPA ﬁlters, etc.)
Data on the estimated incidence of all forms of TB disease
in the general population were obtained from the World
Health Organization’s (WHO) global TB database [17]. All risk
estimates among HCWs were calculated with respect to these
country incidence rates. Since there may be considerable
variations in TB incidence rates within a speciﬁc country, we
also used the authors’ estimates of regional/local incidence
rates, if reported.
Data Synthesis
Studies were heterogeneous in many respects, including
baseline TB incidence in the population, institutional TB case
loads, types of tests used to detect TB, job descriptions and
classiﬁcations of HCWs, and preventive measures used at
health-care facilities. Hence we analyzed the studies in
prespeciﬁed subgroups. Studies of medical or nursing
students were analyzed separately, as their risk of exposure
may be different from other HCWs. Studies on TB disease
were analyzed separately from studies on LTBI.
The incidence rates of LTBI and TB disease among HCWs,
and corresponding estimates in the general population, were
used to determine the excess risk among HCWs attributable
to nosocomial exposure. We calculated the risk estimates for
the incidence of TB disease in HCWs for various occupations
and work locations, with incidence of TB disease in the
general population as a reference. Data were analyzed using
Stata (Version 9) and Meta-DiSc (Version 1.2) software.
In meta-analyses, heterogeneity refers to a substantial
degree of variability in study results. Such heterogeneity
can be due to differences in methodological quality, study
design, sampling variability, and study populations across
studies. In the presence of signiﬁcant heterogeneity, pooled
or summary estimates from meta-analyses are difﬁcult to
interpret. We addressed heterogeneity using subgroup
(stratiﬁed) analyses. Because the studies estimating the
Figure 1. Study Flow Chart
doi:10.1371/journal.pmed.0030494.g001
Figure 2. Prevalence of TB Infection in HCWs as Determined by TST
Surveys
The circles and the lines represent the point estimates and 95% CIs,
respectively. The size of the circle indicates the study size, and the
diamond indicates the pooled estimate (weighted average) and its 95%
CI. The heterogeneity chi-square statistics are 142.6 (p , 0.01) for the
medical students and 600.9 (p , 0.01), for all HCWs, indicating significant
heterogeneity across studies. (a) Indicates estimate of TST positivity in
nursing students at entry into nursing school. (b) Indicates estimate of
TST positivity after 3 y in nursing school.
doi:10.1371/journal.pmed.0030494.g002
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Tuberculosis in Health-Care Workersprevalence of LTBI had comparable methodologies, we
generated pooled (summary) estimates by using a ﬁxed-
effects model, where studies were weighed by the overall
sample size, and we corrected for over-dispersion to allow for
heterogeneity that was due to between-study variability.
Results
Description of Included Studies
Of the 1,901 unique citations identiﬁed in the literature
search, 42 articles describing the results of 51 studies met our
eligibility criteria (Figure 1). The prevalence of LTBI was
determined by tuberculin surveys in 18 studies (35.3%) [18–
35]. Seven studies (11%) [18–22,36,37] determined the
incidence of LTBI using tuberculin conversions. Twenty
(39.2%) studies [23,38–56] determined the incidence of TB
disease in HCWs. Six studies (11.7%) [21,22,24,44,48,57]
reported the use of infection-control measures to reduce
nosocomial transmission. Environmental attributes such as
type of ventilation in the health-care facility, area devoted to
patient care, patient and HCW crowding, and cumulative
hospital stay of infectious patients were not reported by any
study.
Prevalence of LTBI and Risk Factors for LTBI
Medical and nursing students. As seen in Figure 2 and Table
1, the prevalence of LTBI in medical or nursing students
varied widely from 2% (Iran [25]) to 40% (Uganda [26]). The
prevalence estimates correlated well (correlation coefﬁcient
[R] ¼ 0.91, p ¼ 0.01) with TB disease incidence rates in the
Table 2. Prevalence of LTBI in All HCWs as Determined by TST Surveys
Study; Country; Number Tested TB Disease; Incidence in
the Country
a; (Survey Year)
PPD Used; Cut Off; Reading Interval TST; Positive-Tested (95% CI)
Kassim 2000 [30]; Ivory Coast; (n ¼ 512) 268; (1996) 5TU Tubersol; 10 mm; 48–72 h 405/512; 79% (75% to 82%)
Keskiner 2004 [33]; Turkey; (n ¼ 491) 31; (2000) 5TU; 10 mm; 72 hþ 355/491; 72% (68% to 76%)
Molina-Gamboa 1994 [34]; Mexico; (n ¼ 175) 50; (1990) 5TU Tubersol; 10 mm; 72 hþ 123/175; 70% (62% to 77%)
Do 1999 [35]; Thailand; (n ¼ 911) 142; (2000) 5TU Tubersol; 10 mm; 48–72 h 623/911; 68% (65% to 71%)
Yanai 2003 [22]; Thailand; (n ¼ 1,202) 142; (2000) 5TU Tubersol; 10 mm; 48–72 h 764/1,202; 63% (61% to 67%)
Alonso-Echanove 2001 [23]; Peru; (n ¼ 270) 250; (1998) 2TU RT23; 10 mm; 48–72 h 170/270; 63% (57% to 69%)
Bonifacio 2002 [19]; Peru; (n ¼ 97) 211; (2001) 5TU; 10 mm; 48–72 h 58/97; 60% (50% to 70%)
Kayanja 2005 [26]; Uganda; (n ¼ 396) 403; (2004) 2TU RT23; 10 mm; 48–72 h 225/396; 57% (52% to 62%)
Roth 2005 [21]; Brazil; (n ¼ 4,419) 62; (2003) 5TU Tubersol; 10 mm; 48–72 h 2,181/4,419; 49% (48% to 51%)
Orrett 2000 [32]; Trinidad; (n ¼ 182) 11
b; (1997) 5TU Tubersol; 10 mm; 72 hþ 81/182; 44% (37% to 52%)
Pai 2005 [28]; India; (n ¼ 719) 168; (2004) 1TU RT23; 10 mm; 48–72 h 298/720; 41% (38% to 45%)
Garcia-Garcia 2001 [31]; Mexico; (n ¼ 823) 36
c; (2000) 2TU RT23; 10 mm; 72 hþ 280/823; 34% (31% to 37%)
Naidoo 2002 [29]; South Africa; (n ¼ 78) 561; (2001) NR; 10 mm; 24–48 h 26/78; 33% (23% to 45%)
aAll figures represent WHO estimates [17] for incidence of all forms of TB, in the general population, in the country per 100,000 per year.
bThe incidence in the general population of all forms of TB in Trinidad, as reported in [32], is 270 per 100,000.
cThe study was conducted in Chihuahua, Mexico. The estimated incidence of all forms of TB in the general population in the city was 13.5 per 100,000 in the same year.
dTB incidence (number of cases treated at each facility). High: TB clinic, infectious diseases, pulmonary medicine. Low: obstetrics, administrative.
eAge is considered as a continuous variable in this model. OR represents risk for yearly increment in age.
NR, not reported.
ND, not determined.
doi:10.1371/journal.pmed.0030494.t002
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Tuberculosis in Health-Care Workersgeneral population (e.g., ranging from 28 per 100,000 in Iran
to 403 per 100,000 in Uganda).As shown in Table 1, levels of
training and age were associated with the prevalence of LTBI
in most studies. The prevalence of LTBI in senior years was
two to three times higher compared with junior years in two
studies from Brazil [24,27]. A study from India [28] reported a
4-fold higher prevalence in medical students who were more
than 23 y of age than in medical students aged 18–20 y
(corresponding to an additional 3–5 y spent in training). The
overall pooled prevalence of LTBI was 12% (95% conﬁdence
interval [CI] 10 to 13) among medical or nursing students,
excluding the study by Levy et al. [20], where all medical
students had received BCG vaccination within the previous 6
mo, and 70% of them were TST-positive. In other studies,
where BCG was usually given in childhood, the presence of a
BCG scar was not signiﬁcantly associated with LTBI.
All HCWs. A ss h o w ni nF i g u r e2a n dT a b l e2 ,t h e
prevalence of LTBI in all HCWs ranged from 33% (95% CI
23 to 45) [29] to 79% (95% CI 75 to 82) [30] in various studies,
with a pooled prevalence estimate of 54% (95% CI 53 to 55).
Increasing age and duration of employment in the health-
care facility (indicating longer cumulative exposure), were
associated with higher prevalence of LTBI in most studies
(Table 2). The prevalence of LTBI in HCWs increased by 1.04
times (95% CI 1.02 to 1.07) with each additional year of
increase in age [26,31], and by 1.5 (95% CI 1.0 to 2.2) [23] to
2.4 (95% CI 1.1 to 5.0) [31] times with employment duration
of more than 1 y. The prevalence of LTBI was 3-fold higher
[28] with  10 y of employment. Working in medical wards,
participation in procedures such as sputum collection and
autopsies, and a history of contact with TB patients were
independent occupational risk factors for LTBI.
Several studies reported a prevalence of LTBI in nurses, a
subgroup with a high level of patient contact, and thus
potential exposure to TB cases. As seen in Table 3, the
prevalence of LTBI among nurses ranged from 43% to 87%.
Table 2. Extended.
HCWs with
BCG Scar (%)
Significant Risk Factors for Positive TST after Multivariate Analysis; OR (95% CI)
Nonoccupational Occupational
83 Education level (reference no education):
secondary or more 3.0 (1.3 to 6.9)
Education level (reference no education):
primary 2.9 (1.3 to 6.8)
Years in profession .1 y; 1.9 (1.1 to 3.3)
Work location: high versus low TB incidence
d; 3.4 (1.8 to 6.2)
93 No. of BCG scars 1.1 (1.1 to 1.5) Occupation (compared with female physicians): male physician 1.5 (1.23 to 1.69)
Occupation (compared with female physicians): nurse 1.5 (1.29 to 1.66)
Occupation (compared with female physicians): radiology technician 1.7
(1.35 to 1.73)
Occupation (compared with female physicians): laboratory technician 1.6
(1.30 to 1.74)
Occupation (compared with female physicians): male housekeeper 1.6
(1.38 to 1.40)
80 ND ND
77 Male sex 2.3 (1.6 to 3.3)
BCG scar present 1.9 (1.3 to 2.6)
Years in profession .1 y: 2.3 (1.2 to 4.3)
Occupation (reference office clerks): physicians and nurses 1.7 (1.3 to 2.4)
Occupation (reference office clerks): maintenance personal 1.8 (1.1 to 3.0)
82 Age . 30 y: 1.6
Male sex 1.6
BCG scar present 1.6
Years in profession .1 y: 1.5
NR Years in profession .1: 1.5 (1.0 to 2.2)
Work in medical ward: 2.1 (1.5 to 2.9); history of contact: 3.2 (1.9 to 5.3)
Collected sputum: 1.5 (1.2 to 1.9)
Use of common staff areas (laboratories): 2.7 (1.6 to 4.5)
NR ND ND
66 Age
e 1.04 (1.02 to 1.07) Work location (reference administrative work): medical wards 2.26 (1.17 to 4.38)
Work location (reference administrative work): surgical/obstetrics 2.43 (1.30 to 4.55)
67 Age
e 1.02 (1.02 to 1.03)
Male sex 1.5 (1.2 to 1.7)
BCG scar 1.9 (1.6 to 2.2)
.6 mo in profession 1.4 (1.2 to 1.7)
Nurse 1.3 (1.1 to 1.5)
Involved in patient care 1.2 (1.0 to 1.4)
4 Age (reference ,25 y): 40 yþ 2.2 (0.6 to 18.5)
Age (reference ,25 y): 35–39 y 1.6 (0.3 to 15.9)
Age (reference ,25 y): 30–34 y 2.1 (0.5 to 19.2)
Age (reference ,25 y): male sex 1.2 (0.7 to 2.3)
Employment .1 y: 2.4 (1.1 to 5.0)
71 Age (reference 18–20 y): 41 yþ 2.9 (0.9 to 9.0)
Age (reference 18–20 y): 31–40 y 1.7 (0.6 to 4.8)
Age (reference 18–20 y): 21–30 y 1.9 (1.1 to 3.3)
Years in profession (reference   1yw o r k ).10: 3.2 (1.1 to 9.4)
Years in profession (reference   1yw o r k )6–10: 2.8 (1.2 to 6.2)
84 Age
e 1.04 (1.02 to 1.07)
BCG scar 2.1 (1.2 to 3.4)
Reference (other occupations combined): participation in autopsies 9.3 (2.1 to 40.5)
Reference (other occupations combined): emergency/radiology 2.0 (1.0 to 3.8)
Reference (other occupations combined): physicians and nurses 1.5 (1.0 to 2.1)
NR ND ND
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Tuberculosis in Health-Care WorkersIt was reported in eight studies that the prevalence of LTBI in
nurses was higher than that in other HCWs (ranging from
being 1.3% higher [22] to 35.6% higher [31]. One study,
h o w e v e r[ 3 2 ] ,r e p o r t e dal o w e rp r e v a l e n c ei nn u r s e s ,
compared to other HCWs).
Incidence of LTBI (Tuberculin Conversion) and Risk Factors
In six out of the seven studies covered in Table 4, the
annual risk of TB infection ranged from 3.9% to 14.3%, after
accounting for the incidence of TB infection in the general
population, and the risk attributable to occupational ex-
posure ranged from 2.6% to 11.3%. (A study in medical
students by Levy et al. [20], where all participants were BCG-
vaccinated 6 mo prior to the ﬁrst TST was excluded, as this
vaccination program could be responsible for a low LTBI
incidence of 0.5% in this study). There was marked, although
non-signiﬁcant, correlation between the incidence of LTBI
and TB hospital admissions per year (R ¼ 0.86, p ¼ 0.13). A
higher level of clinical training (odds ratio [OR] ¼ 4.77, 95%
CI 1.01 to 22.46) [36], BCG vaccination after baseline TST (OR
2.9, 95% CI 1.1 to 7.6) [21], nursing occupation (OR 1.7, 95%
CI 1.1 to 2.7) [21], and recent exposure to TB (OR 1.6, 95% CI
1.0 to 2.6) [21] were independent risk factors for TST
conversion in these studies.
Incidence of TB Disease
Results of studies that estimated the incidence of TB
disease are shown in Table 5. Two studies (one from Russia
[41] and another from South Africa [39]) reported lower TB
disease incidence in HCWs than in the general population. In
South Africa, the incidence of TB in the general population
increased rapidly (from 321 per 100,000 per year in 1991 to
1,250 per 100,000 per year in 1996), with 44% of these cases
being attributed to HIV infection [54]. The incidence of TB
disease in Russia in the general population (113 per 100,000)
was much higher than in the Samara Oblast (74.9 per
100,000), where a study by Dimitrova et al. [41] was carried
out, which could be responsible for the low attributable risk
estimates in the Dimitrova study [41]. In the remaining
studies, the risk to HCWs of TB disease attributable to
nosocomial exposure ranged from 25 to 5,361 per 100,000 per
year. HCWs in facilities with fewer HCWs for every TB
patient seen (HCW-to-patient ratio less than 50 per 100 TB
patients), had a higher incidence of TB disease in HCWs (R¼
 0.45, p ¼ 0.18).
Association between Work Location and Job Categories
with Risk of TB Disease
Studies that reported rates of TB disease by work location
and occupational categories are shown in Table 6. We
calculated incidence rate ratios (IRRs) by using an estimated
general population incidence rate for all TB cases in the
country as a comparison. Workers in TB inpatient facilities
(IRR ranged from 14.6 to 99.0), laboratories (IRR ¼ 78.6),
general medicine wards (IRR ranged from 3.9 to 36.6), and
emergency rooms (IRR ranged from 26.6 to 31.9) had a higher
risk for TB disease compared with the general population.
Workers in outpatient medical facilities had an intermediate
risk (IRR ranged from 4.2 to 11.6), and workers in surgery,
obstetrics and gynecology, administration, and operating
theaters had a lower risk. There was considerable hetero-
geneity in the risk of TB disease between different
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Tuberculosis in Health-Care Workersoccupations: radiology technicians, patient attendants,
nurses, ward attendants, paramedics, clinical ofﬁcers, labo-
ratory personnel, and physicians had a high incidence of TB
disease, while the incidence of TB disease was lowest in
administrative staff.
Impact of Infection-Control Strategies on the Incidence of
TB Infection or Disease
Most authors reported that no speciﬁc TB infection-
control programs were being used in the health-care facilities
where the studies were carried out. Only three studies
Table 6. Occupational Risk Factors for TB Disease in HCWs
Occupational Risk Factor Occupational Risk Factor
for TB Disease
IRR
b CI (95%) Study Reference
Location of work Inpatient TB facility (TB ward) 9.5 5.6 to 15.0 Babus 1997 [38]
10.7 10.1 to 11.3 Dimitrova 2005 [41]
28.6 0.6 to 206.1 Harries 1997 [45]
86.9 57.4 to 126.7 Kilinc 2002 [51]
Laboratory facility (general laboratory) 78.6 42.5 to 135.3 Alonso-Echanove 2001[23]
Inpatient general medicine facility 1.5 0.8 to 2.6 Jiamrajarasangi 2005 [49]
14.0 9.5 to 20.0 Kilinc 2002 [51]
18.9 8.4 to 37.2 Alonso-Echanove 2001 [23]
35.4 9.4 to 100.9 Harries 1997 [32]
Emergency facility/ICU 10.3 4.9 to 19.1 Jiamrajarasangi 2005 [49]
31.9 10.2 to 76.8 Alonso-Echanove 2001 [23]
Outpatient medicine/TB facility 2.8 2.5 to 3.1 Dimitrova 2005 [41]
2.8 1.1 to 5.8 Jiamrajarasangi 2005 [49]
11.2 0.3 to 68.8 Harries 1997 [45]
Combined inpatient and outpatient TB facility 8.5 6.2 to 12.1 Dimitrova 2005 [41]
Surgical facility 0.8 2.8 to 1.7 Jiamrajarasangi 2005 [49]
7.8 3.0 to 16.5 Alonso-Echanove 2001 [23]
8.6 1.7 to 25.8 Harries 1997 [45]
Obstetrics and gynecology 0.2 0.006 to 1.4 Jiamrajarasangi 2005 [49]
2.8 0.06 to 16.0 Harries 1997 [32]
Administrative facility 1.1 0.3 to 2.8 Jiamrajarasangi 2005 [49]
Operating theater 0.6 0.07 to 2.07 Jiamrajarasangi 2005 [49]
Job title Nurses 1.2
a 1.0 to 1.5 Kruuner 2001 [52]
1.3 1.0 to 1.8 Jiamrajarasangi 2005 [49]
2.7 1.2 to 5.4 Cuhadaroglu 2002 [40]
3.0 0.07 to 17.1 Eyob 2002 [42]
3.1 0.8 to 8.1 Hosoglu 2005 [47]
7.3 4.8 to 10.7 Harries 1999 [46]
10.4 5.1 to 18.9 Kanyerere 2003 [50]
27.9 16.8 to 43.8 Kilinc 2002 [51]
Doctors 0.5 0.01 to 2.7 Cuhadaroglu 2002 [40]
2.2 1.8 to 2.6 Kruuner 2001 [52]
6.3 0.1 to 36.7 Eyob 2002 [42]
6.8 3.6 to 11.7 Hosoglu 2005 [47]
10.9 5.9 to 20.7 Kilinc 2002 [51]
Allied health staff 4.2 2.6 to 4.3 Cuhadaroglu 2002 [40]
Paramedics 4.0 1.3 to 9.3 Hosoglu 2005 [47]
25.0 14.0 to 41.5 Kilinc 2002 [51]
Clinical officers 7.9 0.2 to 47.8 Kanyerere 2003 [50]
19.0 9.6 to 34.2 Harries 1999 [46]
Laboratory assistants 7.3 1.5 to 21.6 Eyob 2002 [42]
Laboratory technicians 7.9 2.1 to 20.9 Harries 1999 [46]
16.4 3.3 to 50.0 Eyob 2002 [42]
Radiology technicians 5.5 0.1 to 32.0 Harries 1999 [46]
53.0 5.6 to 256.2 Kanyerere 2003 [50]
Patient attendants 12.4 7.4 to 20.9 Harries 1999 [46]
52.2 19.4 to 120.4 Kanyerere 2003 [50]
Ward attendants 9.1 6.3 to 12.6 Harries 1999 [46]
13.2 6.7 to 23.5 Kanyerere 2003 [50]
Custodial workers 0.7 0.3 to 1.7 Jiamrajarasangi 2005 [49]
Cleaners 8.0 1.6 to 24.1 Eyob 2002 [42]
Guards, drivers 5.7 0.7 to 21.1 Eyob 2002 [42]
25.4 8.0 to 62.2 Eyob 2002 [42]
Administrative staff 0.5 0.1 to 1.4 Jiamrajarasangi 2005 [49]
5.6 1.5 to 14.5 Eyob 2002 [42]
aIncludes nurses and laboratory staff.
bAll risk estimates have been calculated using WHO estimates [17] for incidence of all forms of TB in the country concerned as a baseline reference.
doi:10.1371/journal.pmed.0030494.t006
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Tuberculosis in Health-Care Workers[21,22,44] evaluated the impact of multiple infection-control
strategies on the risk of TB infection or disease. Another two
studies [24,48]analyzed whether a lack of personal-protection
measures was associated with a risk of TB infection. One
study [57] evaluated the knowledge, attitudes, and use of TB
infection-control measures by HCWs.
As seen in Table 7, Harries at al. [44] evaluated the impact
of multiple administrative control measures which were
implemented in 40 district and mission hospitals in Malawi,
following adoption of infection-control guidelines. The data
were collected by interviewing HCWs and by screening the
TB registers at these facilities. The study revealed that the
infection-control guidelines were not uniformly imple-
mented, and the median compliance with various measures
was 76% (range 3% to 100%). There was a non-signiﬁcant
decrease in TB disease incidence after 1 y of implementing
these measures.
The introduction of multiple administrative, personal, and
engineering controls in a single hospital in Thailand [22]
resulted in a signiﬁcant drop in the annual incidence of LTBI
in HCWs from 9.3% to 2.2%. However, the incidence of TB
disease in HCWs showed a non-signiﬁcant increase (from 179
to 252 per 100,000) 1–2 y after initiation of these control
measures. During the course of this study [22], the proportion
of HIV-positive TB patients treated at this facility increased
from 3% to 57%; if there was a similar increase in HIV
among HCWs, the incidence could have increased despite a
fall in new infections.
In another study from Brazil [21], a cross-sectional tuber-
culin survey determined the baseline LTBI prevalence in four
hospitals. Hospital A initiated administrative controls and
provided N95 respirators for all HCWs required to enter a
TB-isolation room. Hospital B had initiated administrative
controls 3 mo before the baseline TST testing and, at the
onset of the study, had introduced N95 respirators and had
began construction of negative-pressure isolation rooms.
Hospitals C and D had no TB-control measures in place
throughout the study. Baseline TST positivity was signiﬁ-
cantly different in the four hospitals (46.7%, 69.6%, 65.8%,
and 62.2% in hospitals A, B, C, and D, respectively). After 1 y,
the incidence of LTBI (in initially tuberculin-negative work-
ers) was signiﬁcantly lower in hospitals A and B, which had
implemented multiple infection-control measures, compared
with the other two hospitals.
In a case-control study by Jelip et al. [48], HCWs with TB
disease were 5.9 times (95% CI 0.76 to 46.4) more likely to
have poor knowledge about TB transmission, and 4.3 times
(95% CI 0.95 to 19.8) more likely to be unaware of the need
for respiratory protection. In a study among medical students
[24], although 90% were aware of the risk of TB transmission,
only 46% reported the use of personal-protection measures.
In a study from Thailand [57], although 97% of HCWs were
aware of TB infection-control policies, only 52% used
personal-protection measures (e.g., respirators), and only
72% implemented respiratory isolation for TB cases. Failure
to use personal protection was associated with a 2.6-fold
(95% CI 1.06 to 6.64) increased risk of TB disease in HCWs
[46].
Discussion
Principal Findings
Our systematic review of 51 studies demonstrates that the
prevalence (range 33% to 79%) and incidence (range 0.5% to
14.3% per year) of LTBI, and the attributable risk of TB
disease due to nosocomial exposure (from 25 to 5,361 per
100,000 per year), were high among HCWs in LMICs. The
attributable risk was higher in health-care facilities that had
more TB patients per HCW. Certain work locations (in-
patient TB facility, laboratory, general medicine, and
emergency facilities) and occupational categories (radiology
technicians, patient attendants, nurses, ward attendants,
paramedics, and clinical ofﬁcers) were associated with a
higher risk of TB disease. Finally, there is little published
evidence on the effects of infection-control measures in
LMIC.
In a recent review of TB among HCWs in high-income
settings, the prevalence of LTBI ranged from 5% to 55%, in
different occupations [8]. The annual risk of TB infection
ranged from 0.1% to 10% in studies published prior to 1995
[56], but only from 0.1% to 1.2% after the widespread
introduction of infection-control measures [8]. The annual
incidence of TB disease in the general population was much
lower (2–55 per 100,000) in HCWs in high-income countries
(excluding foreign-born HCWs) [8], than among HCWs in
LMICs (69–5,780 per 100,000). Health-care facilities in LMICs
had a median of 36 (range 2–2,652) HCWs per 100 TB
patients treated at the facility, which is much lower than
facilities in high-income countries, which have a median of
6,450 (range 100–77,000) HCWs per 100 TB patients [58].
Thus, HCWs in low-income countries are likely to experience
signiﬁcantly higher TB exposure (Figure 3), and it is therefore
not surprising that the epidemiology of TB among HCWs is
very different in high-income countries versus LMICs.
Strengths and Limitations of the Review
Our systematic review had several strengths. We used a
comprehensive search strategy using multiple sources and
databases to retrieve relevant studies. Two reviewers (RJ and
Figure 3. A Young Medical Trainee Examines a Patient with Pulmonary
TB at a Rural Hospital in India
In such low-income countries, more years of clinical training and greater
exposure to TB patients are important risk factors for acquiring new TB
infection.
doi:10.1371/journal.pmed.0030494.g003
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Tuberculosis in Health-Care WorkersMP) independently selected and extracted data from the
included studies. Subgroup analyses were done to minimize
heterogeneity across studies. Data were pooled only when
studies were reasonably consistent in their methods. How-
ever, our review had certain limitations. First, despite the
comprehensive literature search, a few eligible studies were
missed, because we included only English-language studies.
Our literature search had identiﬁed ten non-English articles
[59–68] which potentially could have been included in the
ﬁnal review. Of these ten papers, seven provided an abstract
in English, and the summary results are presented in Table
S2. As seen in Table S2, apart from one study [63], the overall
results are fairly similar to the English studies included in our
review. This ﬁnding, although reassuring, does not completely
rule out a language bias in our review. Second, publication
bias is a known problem in systematic reviews and meta-
analyses. If studies with high TB rates among HCWs were
more likely to have been published, this may over-estimate
the TB burden among HCWs. Thirdly, there were limited data
on the magnitude of TB exposure in HCWs. Most studies did
not report even simple indicators of exposure, such as the
number of TB patients cared for at the facility, the number of
inpatient days of TB patients, or the number of TB patients
per HCW. Hospital infection-control policies and programs
are important, yet often unmeasured, potential confound-
ers—and these were not described in most studies. Finally,
although we pooled prevalence estimates because of meth-
odological similarity between studies on LTBI prevalence, the
pooled averages will need to be interpreted with caution
because of heterogeneity in study results.
Limitations of Primary Studies Included in the Review
In addition to the limitations of the review, the primary
studies included within its scope had several limitations.
These limitations are discussed separately for each of the four
main outcomes in our review: (1) the prevalence of LTBI; (2)
the incidence of LTBI; (3) the incidence of TB disease; and (4)
the impact of infection-control measures.
Prevalence of LTBI in HCWs
Studies that reported LTBI prevalence among HCWs had
several limitations. The ﬁrst limitation pertains to the use of
the TST. The prevalence of occupational LTBI could have
been over-estimated because it was based on TST. The TST
detects lifetime cumulative occupational plus nonoccupa-
tional exposure to M. tuberculosis, as well as the effects of NTM
exposure and BCG vaccination. Prevalence of NTM and its
effect on TST is difﬁcult to estimate because studies from
several countries were included, and there are no data on
NTM prevalence in each setting.
The practice, timing, and frequency of BCG vaccination
vary widely across countries, which complicates the analyses
as BCG can be an important cause of false-positive TST. The
results of TST are also inﬂuenced by the type of test material
(PPD), technique of reading, and deﬁnition of a positive test.
Although all studies used the deﬁnition of 10 mm or more
induration after 48–72 h for TST to be positive, the PPD used
varied, which could reduce comparability of studies. These
limitations may affect the prevalence of LTBI, but should not
affect the analysis of risk factors associated with LTBI.
Recently, interferon-gamma release assays (IGRAs) have
become available for the diagnosis of LTBI. In contrast to the
TST, IGRAs use antigens that are signiﬁcantly more speciﬁc
than PPD. Thus, IGRAs are highly speciﬁc and are therefore
less likely to be affected by previous BCG vaccination and
NTM exposure [69,70]. Only one study in our review used an
IGRA for estimation of prevalence among HCWs. This study
showed comparable LTBI prevalence using TST and IGRA,
and high agreement between the test results [28].
Another major limitation of prevalence studies is the lack
of concurrent data on LTBI prevalence in the population.
Thus, it is not easy to determine whether HCWs had a
signiﬁcantly higher LTBI prevalence than the community.
However, despite this limitation, our review shows that the
prevalence of LTBI was lower among young medical or
nursing students newly entering the health-care profession,
but increased with each year of training (an index of
cumulative exposure). Similarly, the prevalence of LTBI
among other HCWs increased with duration of employment,
again reﬂecting cumulative exposure. HCWs whose occupa-
tion involves closer patient contact (such as nurses) also had
higher LTBI prevalence. These results indirectly suggest that
nosocomial TB contributes to the burden of LTBI among
HCWs.
Incidence of LTBI in HCWs
Almost all studies that estimated the incidence of new TB
infections used serial tuberculin skin testing. In addition to
the known limitations of TST, serial TST has additional
problems such as boosting, choice between a single-step or a
two-step baseline protocol, and the deﬁnitions used for
conversion. Most studies followed the two-step testing
protocol so as not to overestimate true LTBI incidence due
to boosting. Only one study used an IGRA for estimating the
rate of new TB infection [37]. This study found a higher
conversion rate when an IGRA was used, raising the
possibility that IGRAs may be more sensitive for recent
infection than the TST [37]. This hypothesis deserves further
study.
Despite the above limitations, the results suggest that
HCWs have a higher risk of TB infection than the estimates of
risk in the general population. The high attributable risk
estimates for LTBI incidence provide the most convincing
evidence for nosocomial transmission of TB in health-care
settings. In these studies, more years of clinical training and
greater exposure to TB patients were risk factors for new
infection, and this provides additional support for nosoco-
mial transmission.
Incidence of TB Disease in HCWs
The incidence of TB disease in HCWs was generally higher
than the estimated TB rates in the general population.
However, several methodological problems may affect the
interpretation of these studies. HCWs may be more likely to
seek medical care, and hence case-detection rates may be
higher than in the general population. Our review included
probable and self-reported TB cases, which also could have
inﬂated the incidence of TB disease among HCWs. On the
other hand, HCWs are less likely to develop TB because
HCWs have a higher average socio-economic status, and are
younger and healthier, than the general population in LMIC
(i.e., healthy-worker effect) [71]. We used WHO estimates for
the incidence of TB in the relevant country to ensure
comparability of results across studies. Using data from a
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risk for different studies. However, there may be substantial
regional variation of incidence within countries, and it would
seem that regional estimates of TB incidence would be more
valid to compare with rates of TB in a particular institution.
However, the estimates of relative and attributable risk were
not markedly different when we analyzed the studies using
WHO data, or using local estimates provided by the authors
of the study concerned.
Despite the above limitations, most studies reported higher
estimates of TB disease among HCWs than in the general
population, and this is suggestive of nosocomial transmission.
The high rates of TB disease among young HCWs are
particularly worrisome. Some of this may be explained by
coinfection with HIV—particularly in countries with a very
high prevalence of HIV, such as in Sub-Saharan Africa. Few
studies reported the prevalence of HIV infection among
HCWs,and thus the impact of HIV on TB disease among
HCWs could not be addressed.
Molecular studies involving DNA ﬁngerprinting could
provide conﬁrmatory evidence of nosocomial transmission,
as they have in high-income countries [72]. However, our
literature search revealed only a single case report [73] from a
LMIC in which molecular methods were used to conﬁrm
nosocomial transmission of M. tuberculosis to a nurse.
Impact of Infection-Control Measures on TB in HCWs
Only three studies [21,22,44] in this review assessed the
impact of infection-control measures on reducing the risk of
TB in HCWs. Thus, it is difﬁcult to make any inferences
regarding effectiveness of control measures. One study
determined that administrative measures had little impact
on the development of TB disease, but the study considered a
period of only 1 y—a relatively short interval to detect changes
in this outcome [44]. Two studies that measured the incidence
of TB infection detected signiﬁcant reduction within 1 y
following the introduction of multiple infection-control
measures [22,31]. In one of these studies [22], the incidence
of active disease in HCWs actually increased over the study
period, but this could have been due to an increasing HIV
prevalence in HCWs, which was not measured. The other
study [31] compared TB incidence rates in hospitals with
different infection-control policies, and other differences
identiﬁed between the hospitals could have confounded the
estimates. Taken together, the limited available evidence
suggests that a reduction in the risk of TB infection is possible
with simple administrative controls, but this needs to be
evaluated in larger, better-controlled studies.
In summary, there is consistent epidemiologic evidence
that TB is an important occupational disease in HCWs. There
is clear evidence of heavy exposure, with little or no
infection-control measures in place. Thus, it is not surprising
that there is consistent evidence of excess prevalence and
incidence of TB infection, as well as a higher incidence of TB
disease among HCWs than in the general populations in the
same LMICs. Although estimates vary widely, infection and
disease are roughly correlated with indicators of exposure—
including more years of work, or clinical training, and work
that has been identiﬁed as high risk among HCWs in high-
income countries. Finally, there is evidence, albeit limited
and weak, that the incidence of infection drops after the
implementation of infection-control measures. This epide-
miological evidence implies that a substantial proportion of
LTBI and TB disease in the HCWs in LMICs is the result of
nosocomial TB transmission.
Conclusions
Our review presents fairly strong evidence that nosocomial
TB is an important occupational problem among HCWs in
LMICs, and reduction of that risk should be a priority.
Currently available evidence is limited, but it suggests that
relatively simple interventions, such as early diagnosis of TB,
segregation of infectious TB patients, or education and
training of HCWs, might be effective. Additional low-cost
measures could include engineering controls such as exhaust
ventilation, improved natural ventilation, or sunlight [74].
However, well-designed ﬁeld studies evaluating the cost,
feasibility, and effectiveness of these interventions in re-
source-limited settings are urgently needed.
There are several important reasons as to why nosocomial
transmission of TB should be addressed in LMICs. First,
occupationalTBcanleadtothelossofskilledworkers,andthis
can adversely impact health-care services in the long run.
Second, transmission of TB can have serious, and even fatal,
consequences for patients and HCWs. This is particularly true
withMDR-TBstrains,andinpatientpopulationswithhighHIV
seroprevalence. Hospitals have been shown to be important
focal points of MDR-TB transmission, with explosive out-
breaks, and associated with high mortality. Third, implemen-
tationofeffectiveTBinfectioncontrolcanpromoteawareness
ofTB,andtheadoptionofimprovedpracticesforthediagnosis
and treatment of TB, particularly in the private health sector.
Low-cost administrative interventions are feasible and, if
implemented, should require minimal resources. Given the
evidence summarized in this review, national TB-control
programs and public health agencies in LMICs must begin to
addressnosocomialTBtransmissionasanintegralpartoftheir
TB-control efforts. HCWs are essential in the ﬁght against TB,
andtheirhealthneedstobeprotectedaswellasthatofpatients
with TB. With the recent emergence of extensively drug-
resistant tuberculosis (XDR-TB), the need to implement
infection-control measures has been reemphasized by global
agencies such as the WHO and the Stop TB Partnership [78].
Efforts are ongoing to update existing infection-control
guidelines in the wake of XDR-TB, and to develop programs
that are suitable for resource-limited countries. We strongly
support these initiatives and call for more resources and
partnerships to tackle the chronically neglected problem of
nosocomial TB in low-income countries.
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Editors’ Summary
Background. One third of the world’s population is infected with
Mycobacterium tuberculosis, the bacterium that causes tuberculosis (TB).
In many people, the bug causes no health problems—it remains latent.
But about 10% of infected people develop active, potentially fatal TB,
often in their lungs. People with active pulmonary TB readily spread the
infection to other people, including health-care workers (HCWs), in small
airborne droplets produced when they cough or sneeze. In high-income
countries such as the US, guidelines are in place to minimize the
transmission of TB in health-care facilities. Administrative controls (for
example, standard treatment plans for people with suspected or
confirmed TB) aim to reduce the exposure of HCWs to people with TB.
Environmental controls (for example, the use of special isolation rooms)
aim to prevent the spread and to reduce the concentration of infectious
droplets in the air. Finally, respiratory-protection controls (for example,
personal respirators for nursing staff) aim to reduce the risk of infection
when exposure to M. tuberculosis is unavoidably high. Together, these
three layers of control have reduced the incidence of TB in HCWs (the
number who catch TB annually) in high-income countries.
Why Was This Study Done? But what about low- and middle-income
countries (LMICs) where more than 90% of the world’s cases of TB occur?
Here, there is little money available to implement even low-cost
strategies to reduce TB transmission in health-care facilities—so how
important an occupational disease is TB in HCWs in these countries? In
this study, the researchers have systematically reviewed published
papers to find out the incidence and prevalence (how many people in a
population have a specific disease) of active TB and latent TB infections
(LTBIs) in HCWs in LMICs. They have also investigated whether any of the
preventative strategies used in high-income countries have been shown
to reduce the TB burden in HCWs in poorer countries.
What Did the Researchers Do and Find? To identify studies on TB
transmission to HCWs in LMICs, the researchers searched electronic
databases and journals, and also contacted experts on TB transmission.
They then extracted and analyzed the relevant data on TB incidence,
prevalence, risk factors, and control measures. Averaged-out over the 51
identified studies, 54% of HCWs had LTBI. In most of the studies,
increasing age and duration of employment in health-care facilities,
indicating a longer cumulative exposure to infection, was associated
with a higher prevalence of LTBI. The same trend was seen in a subgroup
of medical and nursing students. After accounting for the incidence of TB
in the relevant general population, the excess incidence of TB in the
different studies that was attributable to being a HCW ranged from 25 to
5,361 cases per 100, 000 people per year. In addition, a higher risk of
acquiring TB was associated with working in specific locations (for
example, inpatient TB facilities or diagnostic laboratories) and with
specific occupations, including nurses and radiology attendants; most of
the health-care facilities examined in the published studies had no
specific TB infection-control programs in place.
What Do These Findings Mean? As with all systematic reviews, the
accuracy of these findings may be limited by some aspects of the original
studies, such as how the incidence of LTBI was measured. In addition, the
possibility that the researchers missed some relevant published studies,
or that only studies where there was a high incidence of TB in HCWs
were published, may also affect the findings of this study. Nevertheless,
they suggest that TB is an important occupational disease in HCWs in
LMICs and that the HCWs most at risk of TB are those exposed to the
most patients with TB. Reduction of that risk should be a high priority
because occupational TB leads to the loss of essential, skilled HCWs.
Unfortunately, there are few data available to indicate how this should
be done. Thus, the researchers conclude, well-designed field studies are
urgently needed to evaluate whether the TB-control measures that have
reduced TB transmission to HCWs in high-income countries will work and
be affordable in LMICs.
Additional Information. Please access these Web sites via the online
version of this summary at http://dx.doi.org/10.1371/journal.pmed.
0030494.
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